and clinical factors associated with gout flares during the 12-month follow-up period. There were 8905 patients identified as the final cohort and 68 % of these patients had one or more gout flares during the 12-month follow-up: 2797 patients (31 %) had 0 gout flares, 4836 (54 %) had 1-2 gout flares, and 1272 patients (14 %) had ≥3 gout flares. Using a multivariate regression analyses, factors independently associated with 1-2 gout flares and ≥3 gout flares versus no gout flares were similar, however, with slight differences, such as younger patients were more likely to have 1-2 gout flares and patients ≥65 years of age had ≥3 gout flares. Factors such as male gender, not attaining sUA goal, having ≥3 comorbidities, diuretics use, no changes in initial ULT dose, and not adhering to ULT all were associated with gout flares versus no gout flares. Using a new method to identify gout flares, we had the opportunity to compare our findings with the previous studies. Our study findings echo other previous studies where older patients, male, diuretics, having a greater number of comorbidities, and non-adherence are more likely to have more gout flares during the first year of newly initiating ULT. There is an unmet need for patients with gout to be educated and managed more closely, especially during the first year.
Introduction
Acute gout flare is the most common manifestation of gout and has been described as an acute inflammatory reaction with red, swollen, and painful joints [1, 2] . Gout and any of its clinical presentation, such as flares, tophi, and joint damage, are due to urate crystal deposits in joints and tissues.
Abstract Gout flares have been challenging to identify in retrospective databases due to gout flares not being well documented by diagnosis codes, making it difficult to conduct accurate database studies. Previous studies have used different algorithms, and in this study, we used a computerbased method to identify gout flares. The objectives of this study were to identify gout flares in gout patients newly initiated on urate-lowering therapy and evaluate factors associated with a patient experiencing gout flares after starting drug treatment. This was a retrospective cohort study identifying gout patients newly initiated on a urate-lowering therapy (ULT) during the study time period of January 1, 2007-December 31, 2010. The index date was the first dispensed ULT prescription during the study time period. Patients had to be ≥18 years of age on index date, have no history of prior ULT prescription during 12 months before index date, and were required to have 12 months of continuous membership with drug benefit during pre-/post-index. Electronic chart notes were reviewed to identify gout flares; these reviews helped create a validated computer-based method to further identify patients with gout flares and were categorized into 0 gout flares, 1-2 gout flares, and ≥3 gout flares during the 12 months post-index period. Multivariable logistic regression was used to examine patient Previous studies have shown that maintaining serum uric acid (sUA) at target levels of <6 mg/dl and adhering to a urate-lowering therapy (ULT) helps to reduce the frequency of gout flares [3] [4] [5] [6] [7] [8] . The goal of gout flare treatment is pain relief through the reduction in inflammation and reduction in crystal dissolution [9] . Current treatments for gout flares include the use of nonsteroidal anti-inflammatory medications (NSAIDs), colchicine, and corticosteroids [9] . Gout flares are a common finding in gout patients, and it is important to identify them in clinical trials and observational studies so there is a better understanding on how to manage these patients appropriately [10] . Patients with gout flares have greater healthcare resource utilization, decreased quality of life, and loss of work productivity, leading to an increased economic burden for the patient as well as the healthcare system [6, [11] [12] [13] [14] [15] [16] . Thus, it is important to learn how to better manage these patients, to decrease the economic burden, and to help reduce the frequency of gout flares to improve their quality of life.
Gout flares can be challenging to identify in clinical databases due to gout flares not being well documented by diagnosis codes, thus making it difficult to conduct accurate retrospective studies. Previous studies have used different algorithms consisting of diagnosis codes, radiology reports, pharmacy, and medical claims to identify gout flares [4, 5, 13-15, 17, 18] . However, these clinical surrogates have not been validated, which may have underestimated or overestimated the rates of gout flares, have errors of sensitivity such as failure to identify true gout flares, or have errors in specificity such as identification of subjects who did not experience gout flares [4, 5, [13] [14] [15] [17] [18] [19] [20] . The lack of standardized gout flare definition for observational studies demonstrates the intrinsic difficulty of flare identification [19] . Therefore, we created a computer-based method to automatically identify gout flares using natural language processing (NLP) and machine learning (ML) from electronic clinical notes [20] . Using this method, we had the opportunity to compare our findings with the algorithms used by previous studies. The objectives of this study were to (1) identify the number of gout flares in gout patients who were newly initiated on a ULT using a validated computer-based method and (2) identify patient and clinical factors associated with patients having gout flares compared with those who did not have gout flares during their first year on ULT.
Materials and methods

Study setting and dataset
Kaiser Permanente Southern California (KPSC) provides integrated, comprehensive medical services to 3.6 million members through its own facilities, which includes 14 hospitals, 202 outpatient facilities, and a centralized laboratory. Every member receives a unique medical record number that they keep for life. This allows the member to be linked to various clinical and administrative databases including member enrollment and benefits, inpatient and outpatient visits, laboratory test results, and drug dispensing. All aspects of care and interactions with the healthcare delivery system are identified in a comprehensive electronic medical record (EMR) system. In addition, care delivered outside KPSC is identified by a claims system. The KPSC membership represents 15 % of the population in the Southern California region and closely mirrors the Southern California population; it is racially diverse and includes the entire socioeconomic spectrum [21, 22] . The institutional review board for KPSC approved this study.
Design and study population
A retrospective cohort database analysis was conducted during the study time period of January 1, 2007-December 31, 2010. Patients were included if they received a prescription for a ULT (allopurinol, febuxostat, or probenecid) during the study time period; the index date was defined as the patient's first ULT prescription identified during the study time period. Patients had to be ≥18 years of age at time of index date and were required to have at least 12 months of KPSC membership eligibility including drug benefits prior to their index date, index date, and 12 months post-index. Enrollment gaps of ≤30 days were considered continuous enrollment. Eligible patients were required to have two outpatient gout diagnoses [International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code 274.xx] ≥30 days apart or one inpatient gout diagnosis code in any position anytime during the study time period. We identified patients newly initiating an ULT prescription if they had no ULT prescription during the 12 months prior to their index date. Patients were excluded if they had history of human immunodeficiency virus (HIV), a diagnosis code for chronic kidney disease (CKD) stage 5 or an estimated glomerular filtration rate (GFR) <15 ml/min/1.73 m 2 , history of dialysis, active cancer, current chemotherapy, or kidney stones/nephrolithiasis (Fig. 1) . Each exclusion criteria was applied to limit the patient population to those whose primary indication for ULT was gout. All patients had to have chart notes available electronically; patients with only telephone notes, nursing notes, or no chart notes were excluded (Fig. 1) .
Identifying gout flares
In previous studies [4, 5, 13-15, 17, 18] , gout flares were identified using ICD-9-CM codes, the use of ULT, the use of symptomatic gout flare medications, and healthcare resource utilization. In this study, we used a validated computerbased method to identify gout flares from free-text clinical notes; the published data and study findings are available elsewhere [20] . As an overview, a search system (beta version) was first created in which search keywords were applied to chart notes. All chart notes for 100 patients were reviewed, and learning from this beta review was implemented to improve the algorithm for the second step, which was defined as the training dataset. The training dataset was created such that a different 100 patients were selected and chart notes were reviewed. Lastly, the refined computer methodology was applied to a final 'gold standard' set of progress notes. This method achieved a 82.1 % sensitivity, 91.5 % specificity, 77.9 % positive predictive value (PPV), and 93.4 % negative predictive value (NPV) for identifying gout flares at the note level [20] . Consistent with prior studies [4, 5, 13-15, 17, 18] , gout flares and their attendant care were assumed to last for a minimum of 30 days. Two flares within one 30-day period were counted as one flare. Once gout flares were identified, we categorized patients into the following groups during the 12 months of follow-up: 0 gout flares, 1-2 gout flares, and ≥3 gout flares.
Covariates and measures
Baseline characteristics (during the 12 months prior to the index date and index date) included age, sex, race, Patients meet the inclusion criteria
N= 17,399
Patients with 12 months of follow-up
N= 16,571
Patients with less than 12 months of follow-up N= 828
Patients have electronic chart notes during 12 months post index to identify gout flares using NLP* N= 8,828 (Final Cohort)
Patients whom do not have any chart notes or only telephone notes N= 35 *Human immunodeficiency virus (HIV); chronic kidney disease (CKD); estimated glomerular filtration rate (eGFR); natural language processing (NLP).
comorbid conditions, anti-inflammatory plus other concomitant medication use, initial dose of ULT, sUA levels, renal function, and prescriber specialty. Comorbid conditions included alcohol use, cardiovascular disease, diabetes, hypertension, other arthritic conditions, and obesity. Baseline GFR levels for renal function and baseline sUA levels were measured up to 12 months prior to the index date, and if patients had multiple baseline sUA levels available, the measurement obtained most proximate to the index date was used. Prescription anti-inflammatory medications [nonsteroidals (NSAIDS), colchicine, or corticosteroids] and concomitant medications (antihypertensives, diuretics, anti-hyperlipidemics, anti-diabetics) were all identified from electronic dispensing records. The initial dose of ULT was calculated using pharmacy data which included quantity number, strength, day's supply, and directions from the dispensed prescription. Prescriber specialty was determined at the time of the index dispensed ULT prescription and was categorized as primary care, rheumatologist, or other.
Outcomes
Outcomes of interest were identified during post-index for each of the gout flare groups. Outcomes included changes in ULT therapy from baseline such as dose escalation, dose equal, and dose decrease; adherence to ULT being measured using proportion of days covered (PDC) method; utilization of anti-inflammatory therapies during post-index; and sUA goal attainment were identified during post-index. The sUA levels were evaluated for patients that had a baseline and follow-up level. Patients were considered to have had ULT dose escalation if the final observed daily dose was greater than the index dose. Conversely, patients were considered to have had a dose decrease if the final daily ULT dose was less than the initial dose. If there was no change in the ULT dose, then it remained dose equal. PDC was calculated as the number of days with ULT drug dispensed divided by the number of days in the specified time interval (365 days). We evaluated the PDC within the first 12 months of initiating ULT. The PDC was dichotomized <80 % considered as non-adherent and ≥80 % considered adherent. Attainment of sUA goal was defined as the last follow-up sUA obtained after the index date with a value <6.0 mg/dl.
Statistical analyses
Unadjusted descriptive statistics summarized patient characteristics of the study population where patients with 0 gout flares were compared to patients with 1-2 gout flares and patients with 0 gout flares were compared to patients with ≥3 gout flares. Differences between these patients groups were tested using two-sided t test for continuous variables and the Chi-squared statistic for categorical variables. Multivariable logistic regression models were used to evaluate factors associated with patients having 1-2 gout flares versus patients with 0 gout flares and patients with ≥3 gout flares versus patients with 0 gout flares. Factors including age, sex, race, severity of comorbid conditions, diuretic use, prescriber specialty, and anti-inflammatory medications were controlled for in the models. All data were analyzed using SAS version 9.2 (SAS Institute, Cary, NC, USA). p values <0.05 were considered to be statistically significant.
Results
There were 8828 gout patients identified as newly initiated on a ULT, using our selection criteria (Fig. 1) ; 68 % of these patients had one or more gout flares during the 12-month follow-up. With the application of our gout flare identification method, 2780 patients (32 %) had 0 gout flares, 4798 (54 %) had 1-2 gout flares, and 1250 patients (14 %) had ≥3 gout flares during their 12 months post-index. Table 1 summarizes baseline characteristics for these patients.
Patients were predominantly male and Caucasian, and the most common comorbidities among the three groups were hypertension, dyslipidemia, and diabetes. Patients with ≥3 gout flares had a higher percentage of comorbidities versus the other groups, and 47.3 % of them were ≥65 years of age. There were 5826 patients (65 %) with both a baseline and follow-up sUA level. The mean baseline sUA level was lowest in the 0 gout flare group (8.73 ± 1.5 mg/dl) and highest in the ≥3 gout flare group (9.26 ± 1.8 mg/dl). The mean baseline eGFR was lowest in patients ≥3 gout flares (65.01 ± 18.09 ml/min). Patients with ≥3 gout flares had more use of antihypertensives and diuretics versus patients with gout flares. The initial ULT was most commonly prescribed by primary care physicians; however, patients with 0 gout flares had higher percentage of rheumatologists prescribing their initial ULT. The mean initial baseline dose of ULT was higher in the patients with 0 gout flares versus those with 1-2 or ≥3 gout flares at baseline (Table 2) . Table 2 summarizes treatment adherence, ULT dose changes from baseline, sUA goal attainment, and the use of anti-inflammatory medications during follow-up. Patients with 0 gout flares were 74 % adherent to their ULT, while patients with 1-2 or ≥ 3 gout flares were 39 and 28 % adherent, respectively. Majority (95 %) had a ULT increase in dose during follow-up for the 0 gout flares; only 18 and 8 % of patients with 1-2 and ≥3 gout flares had changes in their initial ULT doses during follow-up. The mean sUA level was (5.82 ± 0.7 mg/dl) for patients with 0 gout flares versus (8.64 ± 1.5 mg/dl) for patients with ≥3 gout flares ( Table 2 ). In the 0 gout flares group, 91 % achieved sUA goal compared with 45.8 % in the 1-2 gout flare group and only 21.2 % in the ≥3 gout flares group. There was also higher utilization of any anti-inflammatory medication for patients with flares versus those with no gout flares ( Table 2) . Using multivariate logistic regression analysis, we identified patient and clinical factors that were independently associated with patients who were having gout flares versus patients who were not having gout flares (Table 3 ). Factors associated with 1-2 gout flares and ≥3 gout flares versus no gout flares were similar but more pronounced in those with more flares (≥3 flares). Age ≥ 65, male gender, and having ≥3 comorbidities were associated with increased rate of flares. Patients on diuretics were 19 % more likely to have 1-2 gout flares and 23 % more likely to have ≥3 more gout flares. Other factors such as having index ULT prescribed by primary care, and higher sUA levels were all associated with an increased likelihood of having gout flares.
Discussion
This is the first study to identify gout flares utilizing a novel validated NLP + ML computer-based algorithm using text searches of clinical notes in EMR. This method provided results with a much higher sensitivity and specificity, when compared to the other database algorithm methods: 82.1 % sensitivity, 91.5 % specificity, 77.9 % positive predictive value (PPV), and 93.4 % negative predictive value (NPV) for identifying gout flares at the note level [20] . Compared with other studies using code-based algorithms to identify flares, the percentage of patients with ≥1 flare is 68 % in our study, compared with 11 % found by Primatesta et al. [25] , 35 % by Sarawate et al. [5] , 40.9 % by Wu et al. [15] , and 45.2 % by Saseen et al. [17] . These differences may be due to the fact that patients often manage their flares at home without entering the healthcare system and generating codes. Providers then document the flares in progress notes at the next scheduled visit; thus, causal references in the notes may not be coded, and within a traditional system, the true incidence of gout flares maybe underreported. The study population along with the definition of gout flare may also be different in our study [4, 5, 13-15, 17, 18, 20] . Gout is associated with many comorbidities, such as obesity, diabetes, renal insufficiency [11, 14, [23] [24] [25] [26] [27] [28] , and lifestyle-related behaviors such as increase in alcohol intake, consumption of purine rich foods, in particular meats and oily fishes, which may complicate the adequate control of gout. Utilization of diuretics and chemotherapeutic agents is risk factor as well [26] [27] [28] . Comorbidities, being of male gender, age, and lifestyle-related behaviors complicate the adequate control of gout [26] [27] [28] . Some of these are modifiable, and others are not modifiable [26, 29] . In this study, we found that patients with multiple comorbidities or ≥3 comorbidities had an increase rate in flares [30] . These comorbidities included hypertension, dyslipidemia, cardiovascular disease, and diabetes. The mean baseline eGFR was lowest in patients ≥3 gout flares, showing that renal function was more decreased in this group versus other groups. Patients ≥65 years had a higher incidence of ≥3 gout flares versus in the other groups. This could be contributed to having more comorbidities, being older, and multiple concomitant therapies which may lead to inadequate control of gout; however, there are other studies discussing how age is not a risk factor for gout flares. These maybe contributed to different population, different definition of gout flares, and how a dataset may have been created [26-28, 31, 32] .
The relationship between high sUA levels and the recurrent gout flares has been shown in previous studies [3] [4] [5] . Consistent with Halpern et al. and Sarawate et al., we found a positive relationship between sUA levels and gout flares. We also found that patients with no gout flares initially had lower sUA levels at baseline versus patients with gout flares [3] . The sUA levels during follow-up showed that patients at goal or having a sUA < 6 mg/dl had no gout flares or less frequent flares versus patients with frequent flares of ≥3 flares. In patients newly initiated on ULT, there have been temporal patterns of gout flares in which we see greater occurrence of gout flares during the first year with ULT use which decrease over time [3] [4] [5] . Patients at goal have less likelihood of gout flares, and those with a reduction in sUA levels with continuous ULT are associated with long-term periods of patients being free from gout flares [3, 7, 23, 24] . Poor adherence to ULTs is not successful in keeping sUA levels below goal and increases the incidence of gout flares [3-5, 23, 24] . There could be other factors associated with adherence which could not have been identified, but being non-adherent to ULT medication leads to gout flares and failure to adjust ULT therapy are modifiable causes of gout flare. Patients who had their ULT prescriber by Rheumatologists had less gout flares versus those where the index ULT prescribed by a non-Rheumatologist. Utilization of anti-inflammatory medication during baseline period is positively related to the gout flares in this study; however, we do not know if these specific medications were used for gout flares, prophylaxis, or other reasons. We could not identify if patients took these medications prior to a gout flare since majority of patients may have selftreated their attacks and thus could not calculate a rate. The NLP process identified colchicine use but generally could not distinguish when it was used for prophylaxis versus the use for gout flares. It was difficult to know whether patients were taking this medication as prescribed or consistently versus inconsistently; thus, we could evaluate the duration of use. Our study is consistent with gout management guidelines [9] and other studies that the use of prophylaxis therapy [30] is needed to help control gout flares, and this could also be the possible reason for the increase use of anti-inflammatory medications.
As with any retrospective study, there are some limitations that need to be addressed. One is investigator dependence on the availability and accuracy of the pharmacy and medical records to identify the study population. To help alleviate this concern, we identified patients with gout using two gout diagnoses ≥30 days apart or one inpatient gout diagnosis code, in addition to a prescription for urate-lowering therapy. Another limitation is that the NLP may not be able to identify all patients with acute gouty flares even with the search criteria being established, since gout flares are sometimes selfmanaged at home or that gout flares are scantly documented. Our validated algorithm with 82.1 % sensitivity and 91.5 % specificity was shown to be superior to traditional methods of identifying gout [20] . Another limitation is that the NLP + ML computer-based method is currently not available in other health plans. However, discussions with other EMR data health plans are in process. Some patients may have filled their medication prescriptions at other non-KPSC pharmacies, and this cannot be identified or patients purchasing their NSAIDs from over the counter for possible gout flares. Also, utilization of NSAIDs could also be used for other conditions, and not just prophylactic use for gout flares. We added the criteria to the selection of the study sample to only include patients who have continuous membership eligibility and drug benefit 12 months pre-index and 12 month postindex. When measuring adherence, we do not know whether the medication was really taken even though it was picked up and recorded in our system. In our health system, we did not identify any patients treated with ACTH for gout flares, and thus, this therapy was not included in the treatment of gout flares. Lastly, patients with CKD stage 5 were excluded, and these risk factors are not applied to this population.
In this study, we used a new and different method to identify gout flares. The validated computer-based method produced findings consistent with other studies, where patients older in age, male, not attaining sUA goal of <6 mg/dl, non-adherence to ULT, diuretic use, and more comorbidities are associated with more gout flares during the first year of newly initiating ULT. Patient education and physician involvement are two keys to reduction in gout flares, especially during the first year where most gout flares occur from initiation of ULT. Patients who follow the recommendations to initiate ULT with a low starting dose or increase the ULT slowly tend to have fewer adverse events [32, 33] . Currently, most of the management of gout occurs in primary care setting and acute gout management is considered suboptimal. In this study, we see that majority of the patients do not have follow-up sUA levels and there is lack of increase to the initial ULT prescription dose. Issues from lack of adherence to suggested treatment, relative contraindications such as hypertension, metabolic syndrome, or chronic kidney disease are among the reasons that gout care and treatment is difficult. These can all lead to continued gout flares. Computer-based methods such as NLP + ML can be used in many healthcare systems where EMR data are available to identify at risk patients, and programs designed to address the modifiable risks can be instituted. More studies related to computer-based methods, evaluating medical resource use, and economic impact of these patients in a managed care integrated system would add to the body of evidence leading to better care for these patients. This study confirms that using a novel computer-based method identifies the importance of modifiable risk factors in the prevention of acute gout flares. ULT dose adjustment and compliance are two factors which can be addressed to lower the frequency and severity of acute gout flares.
